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[57] ABSTRACT 

A prosthesis is provided having at least a smooth non- 
articuUtiiig load bearing surface disposed adjacent a bone. 
The prosthesis inchides a substrate formed from a metallic 
alloy. At least the regions of the substrate defining the load 
bearing surface are coated with a biologically inert abrasion 
resistant matmal harder than the substrate for preventing 
leaching of ions from the substrate into adjacent body tbsue 
and for pccventing wear; The coating may be titanium nitride 
or zirconium or other such material exhibiting biological 
inertness and acceptable hardness. The coating focfcrably 
defines a tiuckness of 8-10 microns. 

21 ClalmSy 2 Drawfaig Sheets 




09/26/2002 



, EAST Version: 



1.03.0002 



U.S. Patent Dec 30, 1997 Sheet 1 of 2 



5,702,448 




09/26/2002, EAST Version: 1.03.0002 




09/26/2002, EAST Version: 1.03.0002 



5,7C 

1 

PROSTHESIS WITH BIOLOGICAEXY INERT 
WEAR RESISTANT SURFACE 

RELATED APPUGOTONS 

Ttns plication is a coatinuation of Ser. No. 08/161^82, 
filed oa Dec. 02, 1993, now abandoned, wbkii is a continu- 
ation of ^»p]ication Ser. No. 07/882,256, filed on May 13, 
1992, now abandoned, which is a oontinuation-in^rart of 
^Hcation Set No. 07/583,459, filed on Sep. 17, 1990, now 
abandoned. 

BACKGROUND OF THE INVENTION 

Prior ait orthopedic prostheses are used to rq>lace or 
suf^ement a portion of the natis'al bone. Most orthopedic 
prosdicses include at least one surface region int^ded for 
secure fixation to Ihe natural bone. Orthopedic prostheses 
may also include a load bearing surface region that is 
disposed adjacent to the bone without secure affixation. 
Many orthopedic prostheses r^lace a natural joint, sudi as 
a faiec, hi^, shoulder, finger or anlde. E^sthetic joint 
xqplacement systems will include two prosthetic coiiqK>- 
ncnts afiSxed to separate bones and capable of aiticuiating 
relative to one another. Thus, a component of a prosdietic 
jdbit may include an articulating surface region, a load 
bearing non-articulatmg surface region and a surface i^on 
for direct affixation to adjacent bone. 

Prior art prosthetic systems have employed screws, wedge 
fitting and cement eidicr sq>arately or in various combina- 
tions to fix die prostiietic device to the bone. However, 
cement is known to at least partiy deteriorate after an 
extended time in tiie body, Ikadby causing a shifting of the 
prior art prosthetic device relative to the bone. Hiis move- 
ment abrades the cement, the bone and the prosthetic device, 
resulting in release of wear debris which jHoduoes bone 
death and further loosening, ftosthetic devices relying 
entirely on screws or wedge fitting also may shift over time 
in response to changes in the natural bone and/or forces 
exerted on the prosthesis, and abrasion resulting from sw^ 
shifting generates wear debris as explained above. 

The more recent prior art has included prosthetic devices 
widi surface coatings or modifications that are intended to 
enhance natural bone ingrowth to the prosthesis for achiev- 
ing a biological fixation of the prosthesis to the natural bone. 
More particulariy, at least selected surface areas of these 
prior art prostheses are provided with a macro soiface 
defining pores, fissures, texturing or the like into whidi die 
natural bone tissue may grow. This biological fixati(Hi is 
intended to stabilize the prosthetic device relative to the 
bone and substantially prevent the loosening or shifting 
which had occurred with Ihe above described earlier fixation 
means. 

The surface treatment to enhance the bone ingrowth to the 
prior art prosthetic device can be achieved in many ways. A 
oonmion surface treatment for prior art prosthetic devices is 
refored to as a porous coating which is jqpplicd to the 
metallic substrate of die prostiiesis to define an array cf 
small pores or fissures in the surface of the prosthesis. Otiicr 
prior art prosthetic systems ^ly a metallic mesh material 
to a substrate, such tiiat the mesh material defines the texture 
into yfbidtk bone tissue may grow. Still ottier jaior art 
systons directiy modify the substrate to define the surface 
irregularities, such as snxall h<des, fissures, slots or die like. 

Orthopedic prostiietic devices typically are formed from a 
iiKtallic alloy tiiat will exhibit appropriate stragtfa and 
flexure in use. Exaiq)lcs of metalh'c alloys that are currently 
used for o^opcdic prosthetic devices include titanium 
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alloys, such as a trtanium Mnminum vanadium alloy, and 
cobalt-chromium alloys, such as a cobalt-chromium rnolyt>- 
denum alloy. Although both titanium and cobalt- chromium 
alloys cxhfl>it ^jptopiiate strength and flexure for most 

5 app lirfltin ns, each sudi alloy has its own unique advantages 
and dcfidendes. For cxaitq)le, oobalt-<faroixdum exhibits 
destrcable hardness, and hence is widely used for prosthetic 
devices having an articulating surface region. However, 
cobalt-cfaromium is very expensive and its desireable hard- 
ness characteristics make it difficult to machine. 
Furthermore, some patients exhibit sensitivity to cobalt- 
chromium alloys. Additionally, some cobalt-chromium 
alloys are known to release metallic ions as a result of 
ccxrosion after extended exposure to the biological tissue of 
the human body. These ions are suspected to cause tumo^ 
and may have carcinogenic effects. 

The amount of ion released from die alloys defining the 
substrate of prostiietic devices generally has been considoed 
acceptably low. However, it is known that the amount of ion 

23 release increases witii die surface area of the prosdiesis. Ihe 
relatively recent advent of surface coatings or modifications 
to promote bone ingrowth results in a very substantial 
increase in surface area. M<^ particularly, pc»-es, Assures or 
other sudi surface irregularities vastly increase the surface 

25 area for a given prosthesis as compared to the same pros- 
diesis having a smoodi exterior surface. This inaease in 
surface area achieved by the pores, texturing or other surface 
irregularities has resulted in an increase in the ion release 
£com the alloy from wMch the prosthesis is made. The i<»is 

^ released from the alloy of the prior art prostiietic device may 
leach into the tx>dy and migrate to areas remote from die 
prostiietic device. Patients having prosttiescs witti surface 
treatments for promotiiig bone ingrowtii have t>een observed 
to have ions in urine specimens, liver tissue, and odier body 

33 locaticns remote from the prosthesis. 

In view of these faJriy recent findings, some doctors 
recommend not employing prostheses widi macro surface 
treatments in young patients who may be expected to be 
exposed to the large surface area of ion releasing aUoys for 

40 a number of years and who therefor run a greater risk of 
being adversely impacted by the tumor causing or carcino- 
genic effects of the ions. 

In addition to the preceding negative ^ects of ion release 
from foior art prosdiesis having surface treatments for 

45 promoting bone ingrowth there is a desire to improve die 
biological fixation between the prosthesis and the natural 
bone. The ingn^wth of bone to the macro surface region of 
the prior art prosdiesis often is not conq)ietc. Data suggest 
tiiat bone will grow into only about 10-20% of many prior 

so art macro surface area. Forthennore, a thin fiber layer may 
exist between the substantially rigid bone and the pores, 
fissures or other irregularities of some the prior art macro 
surfaces. This relatively incomplete bone ingrowth may be 
due to the above described cocrosion reaction and resulting 

ss ion release. The effect of die incon^lete bone ingrowdi may 
be some movement between the prosthesis and the bone. As 
noted above, such movement will generate metallic wear 
debris. The small metallic partides produced by such wear 
coirode rqiidly in view of die relatively large surface area to 

AO volume ratio foi these particles. As noted at>ove, corrosion 
results in the undesirable metallic ion release. Thus a more 
cociq»lete bioiogical fixation could reduce the potentially 
hannful naetallic ion release. 
Titanium alloy pcostiiescs generally are considered to t>e 

63 nuich more biologically coir^tible than the cobalt- 
diromium alloys. Thus, the sensitivity some patients have to 
cobah-chiomium prostheses generally is not a problem for 
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titanium alloy prosthetic conqKmcots. Titanium alloys also Despite tlie known hardness and wear resistance of thin 

arc substantially less expensive titan cobalt-chromium film coamicmateriab, the inventors herein have dctenmned 

alloys, but they are not as hard. Thus, titanium alloys that diin film ceramic coatings applied to articulating sur- 

prosthetic con^ncnts are likely to generate wear debris faces tend to wear through well wiMn the anticqmted life of 

when en^loyed on articulating surface regions of a pros- 3 the padent and the |]rostheses. Hie wearing through of the 

ttietic component or on a aon-articalatiDg load bearing prior art ceramic coating exposes the prior £at metallic alloy 

surface region that is subject to micromovement relative to substrate with the above de^bed problems of wear defads. 

adjacent bone. The noetallic wear detms particles cause ccarosion and biological inconq>atibility. The inventor's 

further deterioration of both the prostiietic conqKment and herein fur&cr bdieve that similar wear throug^i oomrs at 

die natural bone. 10 other load bearing non-articulatLng surfaces due to the above 

The prior art has included prosthetic components fanned described micromovement between the coated prosthesis 

£r<xn a plurality of different metallic alloys. F<b- exanqde, and adjacent bone. 

femoral prosthesis have been provided with a titanium alloy view of the above, it is an object ai the subject 

stem and neck and a ccbalt-cfarcmium alloy head. Hie invention to provide an orUiq>edic prosthesis with enhanced 

coii9>arativcly harder oobalt-^iroiiuum head performs well is ^^ar resistance. 

as an articulating surface. The titanium aUoy stem and neck jj g„|,j^ invention to provide an 

achieve bettor bioconq)atibility at a lower cost However. (Hthopedic piosthesis that ensures both wear resistance and 

galvanic action is known to be generated at the interface <rf bi<do«ical oonmatibility. 

the titaniumaUoy neckand cobjdt-diromium alloy bead, ^ ^^^^^ ^ ^ 

withacoirespontogoonosianaiidgen^^ 20 orthopedic prosthesis that avoids galvanic corrosion 

related dehns, AdditionaUy. load beanng ar«|s ofAe stem i^^^^^^^^ aUoys of a prosthetic system, 

are subject to micronoovement relative to the bone, and ^ ^, , . i..^** Li 1 * 

hence ^ areas can gea«te significant wear debris. Yet another o«ect of toe subjea ^^^^ 

Furthermore, it would be desireablTto provide a less «>fted orthopedic prosthesis that avoids crackmg and 

expensive, harder and more biologically compatible head 25 d«™i»*^on in use. 

dian the oobalt-diromium head in the prior art systenL SUMMARY OF THE INVENTION 

The prior art also has included atten?>ts to jnovide coat- 

ings onametaUicafloyprosthesistoenhance someaspectof ^ «"»>jert inveiition is directed to an orthopedic pros- 

itlfW«numce.Thecoatingsh^^^ ^^^P^iJ^^^i' ^ .'l^^trf^^^^^^^. 

are^oted fw their hardness and their bicdogical con^tttibil. 30 substrate formed from a metaHic alloy selected to exhibit 

ity.IhesecffamiccoatingshavebeenappUedtothemetallic wrqpriate stroo^^^ flexibility and weight charactcnstics 

aUoy substrate by knov^ thin fihn ledmology. This tech- Examples of such aUoys may indude a t^Umium aUoy, sudi 

nology is wlddy used, for cxainple. In the inachine tool arts ^ » ritanium aluminum vana<Hum alloy, oy ft -?^" 

to eSance the life of cuttinTtools. Mor art fliin film ^r^aium alloy, sudi as a cobalt-cbromkm molybdenum 

technology typically qipUes the ceramic coating to a sub- 3^ aiioy' . 

stratc in a vacuum coating chamber. The substrate to be The orthopedic prosthesis of the subject invention 

coated functi<His as the cathode in the chamber, while the indudes at least one load bearing surface for transferring an 

anode is formed from die material to be coated onto the applied load to the natoral bone. At least selected potions of 

substrate. An arc is struck in the chamber, and the substrate the surface the roosthesis mnv hfi mflrfHl fir nyxlififid In 

to be coated is subjected to high energy ion bombardment 40 enhance bone ingrowth and hence achieve bioloyical fixa- 

from the anode. A gas is dien introduced into die chamber: tton to the tx> ne in wMcft Oie prosthetic devicft is Imnlantcd, 

The gas reacts widi the ions of the anode and produces an More particularly, at least selected surface areas may be 

ionic deposition of a highly-adherent ceiamic coating onto appropriately treated to ifefinc SWfftffg ffrcgularities or tex- 

the substrate. This thin film technology typicaUy is tunng. T he surface irr^ularities may be in the form of 

camloyed to provide an ionically bonded coating approxi- 45 p<wes, ikssures, holes, slots or the like defining smaU regions 

matdy 7r4 microns thick. Thicker ceramic coatings have into which bone tissue may grow fw adiieving a biological 

been considered too costly and proUcanatic for application fixation of the prosthetic device to Ae bone. The surface 

by thin fihn technology, and hence thin film technology has treatment may be defined by a coating ypU^ to the 

not been enq)loyed for thicker coatings in the madiine tool 'jrostfaefei^-<tf bV MMmc moomcaaon ine subsnrate of 

art and have not been carried over into die orthopedic 30 tbc prosthesis. The praes, fissures cr other such surface 

prostiietic art. The problcans of using thin film tedmdogy to hregularities each preferably arc in die range of 150-500 

produce a tiuck coating have been cracking and eventual microns across. However, at least selected load bearing 

dclamination. It has been beUeved that cracking occurs in surfaces of die prostiiesis may be smooth to p^cvent bone 

part due to the different stifltoesses of the mctaUic aUoy ingrowth. The prosthesis may fijrthcr indude an articulating 

substrate and the ceramic coating. Thus, ceramic coatings 55 surface region far articulation relative to anodier conqKmcnt 

q>plicd by thin film technology on ptosttietic devices gen- in a prostiietic system- 

cvally have been in fhc range of 2-4 miaons tiiick on The prostiiesis of die subject Invention further conqnises 

articulating surfaces to avoid delamination and to minimize « mat^np nf « mAtfrin] that is hard^ and more abrasion 

coating costs. Coamic coatings applied by tiiin film tech- fyjiigtant tfian rhe mfftellic aUov substrate of fee prosthesis, 
nology to non-articulating surfaces arc intended primarily to 60 The coathig is applied bv thin film co^iny tedinology to 

achieve biological oon^>atibility, and hence have been at the achieve ionic bonding at least to areas of fee prosthesis that 

lower end of feis 2-4 micron range cf coatiJig diickncsscs. m subject to movement relative to an adjacent surface. For* 
Ceramic coatings have been applied to greater tUdmess by exan^le, fee coating may be qiplied to a relatively smoofe 
other coating technologies (e.g. plasnu spray) primarily for load bearing surface of the prostiiesis tiiat is subject to 
ofecr art areas, sudi as kitchen qjpliances. However, thick 65 micraniovemeia relative to adjacent surfaces <rf fee bone, 
ceramic coatings apfAicd by ofeer technologies are also The hard abrasion resistant coating may also be applied to 

subject to cracking and delunination. articulating surfaces of fee prosfeesis. 
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Hic bard abrasion resistant coating also preferaWy is FKJ. 2 is a cross-sectioDal view taken along line 2—2 in 

biologically inert and may be applied to areas cf the pros- FIO. L 

thesis having die surface treatment for promoting bone p^, 2/Vis an enlargement al area A in FIG. 2. 

ingrowft-Hierelatively inmcoatingis^edinamaMer FKJ. 3A. 3B and 3C are M.^^<^,^ ooss-sectional 

to maintain fteovaaU siafece li^^^ 3 u^utrations of a feaiaalhipTttrface replacement prosdiesls 

laritics in the above described range of 150-500 mioons for DETAILED DESCRIPnON OF THE 

optimizing bone ingrowth, mis, the surface r^ons of the PREFERRED EMBODIMENT 

liothesis that are treated to achieve bone Ingrowth are scaled iri^crxa^^ 

to prevent ion release and leaching de^site ^e substantial a femoral stem-type {nostfaesis in accordance with ttie 

increase in surface area for these regions of the prosthesis. subject invention is identified generally by the numeral 10 in 

A prefetxed hard biologically inert coating material, as nOS. 1, 2 and 2A. It is to be understood that the femcoal 

explained further bdow. is tfta ni^m nitriflg. Attpmafr mat. stem-type prosthesis !• depicted and described herein is 

I'n g materials arc zirconiiunj tit ^nmm htt ride. titanium only one oiample of the many prosthesis that may incorpo- 

.caitride, aluminum oxide and dian^A These materials haw subject invention. The femoral $tem*type joosthesis 

*becn dononsiraieo to oe soDsianiiai^ conq)letely biologi- |^ includes an elongated stem 12 for insertion into the 

cally inert even ^s*en exposed for extended periods of time intramedullary cavity 11 of the natural femur 13. The 

and even with the very large surface areas inhaent in pjosAesis 10 further inchides a collar 14 adjacent the stem 

regions rf&e^esisfliat an; ti^ as desa^ 12 and extending outwardly in anterior, posterior and medial 

for promoting ^ therefrom. Mere particularly, the collar is angu- 

matenals larly aligned and dimensioned to be in face-to-fac« contact 

Kthatrnaybegeneratedv^be ^oads thereto, A neck 16 

coating materials Lhihiting suA hiolo|an«tDess and 23 terminates at a frustoconical mountiag end 17, Asphcn«d 

desirable hardness and wSr characteristics may also be head 18 is provided with a frustoconical mountogcavityl9 

_)ioycd. "ito whi** *® mounting end 17 of ^ neck 16 is fit The 

In addition to preventing the leaching of ions &om the Sfrtierical head 1« wifl define an articulating surf a^^^ 

substrate aUoy of the prostheds, the coaling wiU sipiifi- to a plastic bearing liner of an/acctabular prosthetic com- 

cantiy improve the Wdogical fixation of some substrates. 30 ponent (not shown). Thus, the head IS wiU be subjected to 

More particulariy, the In^iroved biological con^katlbility and considerable wear as the prosthesis 10 repeatedly articulates 

tibe enhanced hardness and wear characteristics achieved by under various applied loads. The smooth surfaces of the 

(he subject coating will define an environment that is more &tem 12 also are subject to wpar in view of repeated 

conducive to bone ingrowUi and hence a superior biologica} micromovement of the stem 12 relative to adjacent regions 

fixation. 3^ of the bone 13. As noted above| this wear bad produced 

The hard, abraaioo resistant biologically inert coating microscopic debris in prior art prostheses, 

prcfaahly is ^lied to a thickness of 5-15 microns, and -The prosthesis 10 includes a m^allic alloy substrate 20 

more preferably in the range of &-10 microns. It has been fonned from a mattfial that will exhibit desirable strength, 

found that ceramic coatings wiA Sicknesses in the above f^tatacss and flexure dwracteristics for the particular use d 

statc Lrange and ^ i ed by thin film t echnology perform prosthesis. A preferred alloy for the substrate 20 is a 

without tl^ cracldir«rTOaminaaon ttwt iiao Dcen observed « tit^i^ aUoy, such as a titanium aluiiiinum vana^ 

with thicker coatings employed on machine tools. .^^^ opcnifive tfian many other <^onal 

Rirthcnnorc, as e3q>laincd bdow, tests have shown Aat ^ ^ relatively easy to imachine and exhibit exccp- 

articulating surfaces with coatmgshavmgthickne^es m the tjo^ii'bioloaical conmatibiHftr. Cobalt^chromium alloys, 

above stated range remain intact MdOTbstant^ such as a coball-diromium molybdenum alloy may also be 

damage and wear debris for more than 25 mmion cydes in S!S«a^aruncoatedsuS20forLleitpartof 

a test madiine that acairately simiiUtes an aiticulat^ prosthesis 10. Cobalc<Aiomium alloys generally cost 

prosthetic joint In contrast, a prostiietic d^ having the j^^^^ titanium alloys and arc less Wologically con^- 

prior art coating thickness of 2^ microns displ^ed at 1^ physicians prefer cobaU^hromium for 

locaUzedwearthrougJ^oftteooatingtolhes^^^ at least portions of th^Sosti^^ 

only 7^ inimon cydes. ITie ^ absent of we^ «> ^^,3^ 3 ^t^u^aUoy may be used as the substrate 

related debris on the prosthetic device ooat^adj^^ ^ f«Tkcm 12, oolhir 14 and neck 16. A cobalt- 

in the above stated range is bcUeved to be attributaW^ to ttic ^^j^^ ^ ^ the head 18. Otficr alloys 

greater coating hardness that ^ aAievcd with thm film ,^1^ by ji^^ physician for exhibiting appropriate strength, 

technoloaratoextei^Kini^ flcxire and hardness characteristics may also be used for the 

coating chamber. Addihonally, It IS bchcvedttiat the greater » jubsi^ate 20 

thickness gives a nK)re aystallk^ '•ST^ri^^^^ Aproximal portion of the stem 12 of the prosthesis 10 is 

coating as opposed to an amorphous sfru^e proSwWiTpo^ coating 22 fcr jiomoting bone 

the 2^ mi joo prior art coating or with coatings apph^ ^d ^^eW^^biScS fixation iSi the tone 13 

other coating technologies. This crystalline structure rS! ai-T^T^^.^c tSTsc iTo»i.nt<^H Thr nrtroiK 

adiievcd with the thicta coating provides unexpectedly » ^hWi ^ prosAcris 10 is implanted. ^^K^ par<ws 

acmcvctt wuu uic uux^ ^^^^.J^n»Z^i coatins 22 irefaably defines a continuous array of pores 24 

greater hardness and superior ,^^f ^^^^^ T^vm^FlQ. 2A having ooss-sectional <fimenrions of 

subject invention enables more cflldcnt and effective pros- ^^^^^^^ p„f«bly 300-350 

thctic systems. microns, with a preferred average p«c size of about 325 

BRIEF DESaOPnON OF THE DRAWINGS ^ microns. The porous coating 22 may be the same alloy as the 
no. 1 is a front elevatiooal view of a prosthesis in substrate 20 of the pfosdiesis 10 but separately applied 

accordance widi the subject invention. thereto. In other embodiments the maao surfecc treatment 
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22 on the prosthesis 10 may be defined by a mesh defining coating 26 is believed to exhibit a more pronounced ays- 

a textured ox olhetwise icregular surface area that will talline structure which is harda than the marc amorphous 

prcHnote t>ooe ingrowth. In still other embodiments fiie structure for thinner i^Ucations of the coating 26. Hiis 

modified siufacc area 22 may be aknurting unitary with the thickness also ensures that the size of the pores 24 reooains 

substrate 20. The particular location of the surface coating or 5 within the range found to be most acceptable for promoting 

modification 22 on the stem 12 is described in greater doail bone ingrowth. 

in U.S. Pat No. 4,904^63 which issued to the inventors ^ The titanium nitride (aefeored for the coating 26, and the 

herein on Feb. 27, 1990. However, other locations for the other optional inen coating materials identifi^ above, are 

surface coating or modification 22 may be provided, par- known to exhibit supedoi hardness, scratch resistance and 

ticularly with other protheses. |q lubridty. The hardness of titanhim nitride and other such 

As shown most clearly in HG. 2A, the prosthesis 10 coatings 26 enables nonporous articulating surface areas of 

iiirther includes a hard, wear resistant, hiologicaUy inert 18 of the prosthesis and the nourarticulating load 

coatinit 26 m>plied by thin flhn coating methods onifOTmly bearing surfaces subject to micromovement to be polished to 

over at least selected surface areas of the substrate 20 '^^L ^ 
j-«i.,^s-« ^•i*^^-^ th.fr ««» achieved widi softer matoials. More particularly, the articu- 
induding at ieast sdecled surface areas ttiat me subject to 15 j certain non-articulating load 
wear. In particular, the hard wear resistant coating material r^P ««« w vmuuu 
wrau. jui poiuwum, ui«; umu w«ii *c8«uu» ^/oum,^ ^TU. bearing sutfaocs subject to miaomovement relative to the 
26 prrf«bly is applied to die smootfi surf ace areas of Ae bone ^ polished to ib«>ximatcly 1.0 mimnnch roughness 
stem 12 that are subject to nn<Tomovem«it reUttve to Ae ^ ^ to prior art prostheses which have 
bone and/or to the outer sphoical articulating surface of the polished only to about 4.0 mi<Tcindi roughness. The 
head 18. The pwous coating 22 ot otficr such surface 20 much smoother dxaractcristics of surfaces subjected to wear 
modification of the substrate 20 for promoting bone enabled by the harder coating 26 c<Hitribute suV 
ingrowth and biological fixation may also be coated. The stantially to wear resistance, ahrasion resistance and lubdo- 
inert coating material 26 extends into the pores 24 defined by ity. The hard smooth surface achieved by the coating 26 on 
the porous coating 22 such ^at the contact area b^een the head 18 substantially minimizes the generation of metal- 
biological tissue and the parous coating 22 of the prosthesis 25 lie wear detnis that coold otherwise result fitnn the metal/ 
10 is substantially reduood by the inert coating 26. Thus, the plastic articulation resulting from engagement of die head 18 
leaching of ions from either the substrate 20 or the porous of widi an acetabular prosthetic component (not shown). The 
coating 22 can be substantially reduced by the inert coating coating tldckness of i^}proxiniatcly 8-10 microns on the 
26 whidi covers all or substantial portions of the surface articulating surface of the head 18 has reniained substan- 
arca of both the substrate 20 and the porous coating 22 30 tially in tact on articulating surfaces after subjection more 

The hard wear resistant inert coating 26 also preferably is than 25 milHon cydes in a test machine where the head 18 

i^lied to the frustoconical end 17 of the neck 16, particu- of titanium alloy with the coating 26 of titanium nitride is 

larty for embodiment of the prosthesis ea^loying a titanium engaged witti and articulated against an acetabular prosthetic 

alloy substrate for the stem 12 and neck 16 and employing component having a plastic bearing liner. The nMre than 25 

a cobalt-chromium alloy for the head 18. In these latter 3s million cydes without significant damage or wear debris is 

embodiments, the &ustoconical cavity 19 extending into the substantially in excess of the poformance enabled by prior 

sphoical head 18 need not be coated. The hard, wear art articulating prosdietic joints coated to 4 microns thick:- 

rcsistant inert coating 26 applied to the frustoconical end 17 ncss what a wear diroug^ (rflhe coating to the substrate was 

of die neck 16 adiieves several Directives for this embodi- observed after 7-^ million cydes. The superior paf wmance 

mcnt First, the galvanic ccorosion caused by the interaction 40 of the dudoer coating is believed to be attributable to the 

between abutting surfaces of the titanium alloy neck and the greater hardness that is unexpectedly achieved with die 

cobalt-chrome alloy head is cntirdy avoided by the inert thicker coatings applied by diin film coating techniques as 

coating material 26 therebetween. Birthcrmcre, die hard explained herein. AdditionaUy, none of die purported prob- 

wear resistant characteristics of the coating material 26 Icms of cracking and delamlnation reported in th e m ac h ine 

substantially prevent the generation of any wear debris tfiat 43 tod art woe observed after 25 million cydes on the pros- 

could otiicxwise be caused by micromovement between die dieses widi the 8-10 micron thick coating, 

end 17 of the neck 16 and the s{^erical head 18. This enables The inert coating 26 is ap(^ after fat^cadoo, polishing 

physicians to employ the hard cobalt-chromium head 18 and preliminary deaning, initially fixing the prosthesis 

widi die less expensive titanium alloy neck 16 and stem 12 10 on a rotating mount in a vacuum coating chambex. 

widiout the penalty of galvanic corrosion and wear debris. 50 Following evacuadon of die chamber, ionic surface deaning 

The inert coating 26 is formed from a material ttiat is is adricved by striking an arc and producing a hlgjily ionized 

harda- dian die substrate 20. The hard, wear resistant, inert titanium plasma. The prosdiesis 10 are given higji negative 

coating 26 prcf«ably is titanium nitride or rirconium oxide, dwrgc which attracts the plasma and subjects die prosUwsis 

and most preferably titanium nitride in view of its cffec- 10 to a hi£^ energy titanium ion bopibardm«it _In addition 

tivcncss at an acccptAle cost. Odicr biologically inert 55 to ionic surface deaning, diis riso ^^q^B'tp » titanium 

materials that are now known or that may be devdoped may film on the mosmcsis lu and heats diem to the requisite^ 

similarly be applied for the purposes explained herein. The tqimeranire liK coating. When a titanium allmkpros- 

inot coating 26 defines a diickness of 5-15 miCTons, and ' ^t"^*^ ic/^frrt, misf^m wapi'iitp pitn « tn^^tf^^Qnt^^e. 

preferably i^^iroximately 8-10 miCTOOs. As noted above, it titanium_su bstrate 20. On odier matrrials this fihn is ioni- 

has been determined diat d» production of a coating by diin 60 cally bonded to the substrate 20 and protects the prosthesis 

film coating technology to achieve a thickness of 8-10 against surface corrosion. Nitrogen gas at low partial 

microns results in the ionically bonded coating being harder pressures is dien introduced into die chamber. This gas 

dian a coating of identical materials applied to the traditional ttacts widi die titanium plasma and produces the ionic 

2-4micionUucknessen9loyedindiepriorartTheheatand deposition of a highly-adhacnt ceramic TIN coating 26 

additional ion bombardment to achieve dUs greater diickness 65 about 8-10 microns in diick&ess. 

by thin film coating technology is believed to contritwte to An aUemate ezhbodiiiiem of die prosthesis is illustrated in 

a substantially greater hardness. Additionally, the thicker FIGS. 3A-3C. Mcoe particularly, a hip surface prosthesis is 



09/26/2002, EAST Version: 1.03.0002 



5,702,448 

9 10 

identified by the numcxal 40 in FIGS. 3A-3C and includes 4. An orthopedic jaos&csis as in claim 3, wherein the 

a higlily poMshcd spherical outer load receiving surface 42 coating is titanium nitride. 

and aporous coated interior primaiy surface 48 having a 5, An oitbopedicpiosfliesis as in daim 3, wherein at least 

longitadinally extending stem 58 projecting centrally from a portion of the prosUiesis is formed from a cobalt- 

the interior of the prosthesis 40. The pro^tiesis 40 is for 5 chromium alloy. 

being inflamed in die resected head 44 of the femur 46 with 6. An (Hthopcdic prosthesis as in daim 5, wherein the 

the stem 58 being diiv«i into a prepared bole 62 fonncd in portion of the iHX>sthcsis conqirising the cc5balt-chromium 

thcncck60of fliefcannr46.Theoutcri5jplicdIoadrcoeiving alloy is engaged with apwtion of the prosthesis having the 

surface 42 of the prosthesis 40 is for rqdadng the articQlBr titanium alloy substrate with the coating thereon. 

surface of the bead of the natural femur and for receiving the ^ T An orthopedic prosthesis as in daim 5, w herein die 

load siplied to the prosthesis during articulation. The porous portion of the prostfiesis framed from die cokatt-dtnxnium 

coatedintcrior surfecc48 is intended to provide interlocking alloy is not coated with the ceramic materiaL 

fixation between die {»os&esis 40 and the resected head 44 8. An orthopedic prosthesis as in daim 1, wherein the load 

<tf die femur 46 by direct bone ingiowtij. As explained with bearing surface con^mses a non-articulating substantiaUy 

the previous embodin»nt, the parous coating 48 results in a smooA load bearing surface disposed for load bearing 

substantial increase in surface area. To prevent an unaccqrt- micromovcment adjacent to a bone. 

able ion release from the pwous coding 48 and to enhance 9. An orth(5>cdic prosthesis as in daim 8, wherein die load 

bone ingrowth, the porous coaling 48 is provided with a top bearing surface further con^xises an articulating surface 

inert coating 66 at a thidmcss of 5-15 microns and prrfcr- disposed for load bearing articulation widi rcq)cct to another 

ably about 8-10 miaons. The inert coating 66 preferably is prcwth^c compcmcnt 

titanium nitride, but may be one of die atteroate coatings 20 10. An orthopedic prosthesis as in daim 9, wherein the 

identified above. The inert coating 66 also is preferably bone ingrowth surface area oon^nises a non-smoodi surface 

allied to the ooteri^lied load receiving surface 42 and to configuration for increasing surface area and promding 

the stcm58. the inert coating 66 applied to the qipliedload bone ingrowth. 

receiving surface 42 is polished to achieve an accq[>tably 11, An orthopedic prothesis as in daim 1, wherein the 
high degree of smoothness. Ihe hardness of the inert coating 25 coating formed 00 the load bearing surf ace is polished to a 
66 substantially prevents die generation of metallic wear smoothness of approximatdy 1 mlcrolnch. 
debris diat would otherwise result from articulation between 12. A prosthetic device for Udogical fixation to a bone, 
die surface 42 and the >^«hiilflr conq)onent of a prosdiedc said prosthetic device cosnprising a metallic alloy substrate, 
systcan. Similariy, the hardness of die iiuat coating 66 a first portion of said substrate defining a bone ingrowdi 
^lied to die stem 58 prevents die genoation of wear debris 30 surface area having a non-smoodi surface configuration for 
diat could result from cither the initial driving of die stem 58 increasing surface area and promoting bone ingrowtii, a 
intodieprq)aredhole62intlieneck60of thefenuu-46or smoodi articulating surface area spaced froni the bone 
from post-operative movement resulting from loads qiplied ingrowth surface area and a smooth load bearing surface 
to die ptosdiesis. area ^oed from both the bone ingrowth surface area and 
While die invention has been described widi respect to a 35 Ac articulating surface area, die bone ingrowtii surface area, 
prcfmcd embodimait, it is appareirt tiiat various dianges die articulating surface area and die load bearing surface 
can be made widiout departing from \bc scope of die area all being provided widi a unitary substantiaUy hiologi- 
inventiwi as defined by the appended daims. In particular, cally inert scratdi resistant coating exhibiting greater hard- 
die coating may be d«^cd by odicr biologically inert and ness dian die metallic alloy substrate for substantiaUy pn- 
suffidendy hard metals or ceramics. The coating may be 40 venting metaUic ion release from tiic substrate and for 
mpUcd to mjstiaesis otticr dian die femora! jHostiieais preventing production of mctaUic wear debris, said biologi- 
Spicted in die Figures. The coating may be applied to die caUy inert scratdi resistant coating defining a diidmess of 
entire prosdiesis and not only to areas thereof having the 8-10 microns, whereby die coating prevents ion leaching 
bone ingrowth surface nK>dificatiott or coating. The surface from die 8ul>strate into adjacent tissue, 
treatment to vilndi flic coating is ^jpUed may be any surface 45 13. A prosttietic device as in claim 12, wherem die 
irregularity enjoyed for promoting bone ingrovrth and prosdietic device is a femoral stan-type prosthetic device 
necessarily increasing die surface area of the prosUiesis. having a stem defining a portion of die prosthetic device 
Hiese and other variations will be apparent to die person having said bone ingrowth surface area, a neck extending 
skiUcd in the art *rom said stem and a head having a cavity therein engaging 
We daim: 50 a jHOximal portion of said neck, the head conqjrising die 
1. An orfliopedic joosdiesis formed from a nKtaUic aUoy articulating surface (rf the prosdietic device, the proximal 
and having at least one load bearing surface movaWy portion <rf die neck having die coating dicreon and the cavity 
diffused adjacent to an opposed surface and at Icart one in die head being substantiaUy free of die coati^. 
bone ingrowtii surface, said prosdiesis comprising a sub- 14. A prosdiedc device as in daim 12, wherein die 
stratefoimed from at least one selected mctaUicaUoy and an 55 subrtrate is fonncd from a titanium ahuninum vanadium 
abrasion resistant, biologicaUy inert coating fwmed from a alloy. 

ceramic material harder dian die substr^ said coating 15. A prosttietic device as in daim 12, wherein a portion 

being ionicaHy bonded to die substrate forming a unitary of die prosdietic device is formed from a cobali-<lu:omium 

layer on portions of the prosdiesis defining die load bearing mdybdenum aUoy. 

surface and portions of the piostiiesis defining die bone 60 16. A prosdietic device as in daim 12, wherein die 

ingrowtii surface, said coating defining a tiiickness of 8-10 Wologicaily inert coating is a titanium nitride. 

j^J^flj 17. A prosdietic device as in daim 12, wherein the 

2 An orthopedic prosdiesis as in daim 1, whaan die biologicaUy inert coating is zirconium oxide. 

coating defines a crystaUine structure. 18. A prosthetic device as in claim IX wherein tiie bone 

3 An orthopedic protiiesis as in daim 1, wherein at least 65 ingrowdi area is defined by a plurahty of pores each of 
a portion of die substrate is formed from a titanium aUoy, which defines a ooss-scctional dimension m the range of 
and wherein the ceramic coating conqufises titanium 150-500 microns. 
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19. A prosthetic device as in claim 12, wherein the 
biologically inert material is selected from die group con- 
sisting of titftnjum nitride, zirconium, titanium boride, tita- 
nium carUde, aluminum oxide and diamond. 

20. A prosthetic device as in claim 12, wherein the 
prosthetic device conqvises a first component having die 
smooth load bearing surface diereon and a second conqio- 
nent having the smooth articulating suxface thereon, the first 
and second con9>onents having engagement surfaces definr 
ing an interface therebetween, said first cosiq>onent having 
the coating on the engagement surface, the second conqio- 
nent being substantially free of the coating on the engage- 
meat surface thereof. ^. 

21. Ad octbopcdic prosthesis comprising at ieast^ one 
substantially smooth aoo-articulating load bearing surface 
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area for placement in proximity to a bone and at least one 
substantially smooth articulating load bearing surface area 
for articulation against another orthopedic prosthetic 
conqKxicnt, the orthopedic prosthesis comprising a substrate 
formed from a titanium alloy and a coating fonned from a 
ceramic material comprising titanium ionicaUy bonded to at 
least the non-articulating load bearing surface and the articu- 
lating load bearing sutfocc of the orthopedic prosthesis to a 
^ thickness of ft-10 microos, whereby the ceramic coating 
defines a hardness greater than the sidTstratc and substan- 
tially prevents abrasion of the substrate. 

* * Ik 1^ 1^ 
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